Objective: To perform a retrospective comparison of the clinical and radiological features of Klebsiella pneumoniae (KP)-associated and non-KP-associated pyogenic liver abscesses (PLA) in Chinese patients. Methods: Patients with confirmed diagnoses of bacterial liver abscess at three Beijing hospitals were enrolled. Clinical isolates from liver abscesses were used to determine serology and expression of hypermucoviscosity genes. Basic clinical, ultrasonographic (US) and computed tomography (CT) data were recorded and compared between patients with KP-and non-KPassociated PLA. Results: A total of 101 (77.10%) and 30 (22.90%) cases were due to KP and non-KP pathogens, respectively. Compared with the non-KP cohort, the KP cohort demonstrated a significantly higher incidence of underlying diabetes mellitus, and more gas-forming abscesses, as demonstrated by US and CT examinations. Prior abdominal surgery or chemoradiation therapy was significantly associated with non-KP cases. The non-KP group had a higher chance of a clear edge, compared with the KP group, on pre-contrast CT images. Conclusion: KP and non-KP-associated PLA have distinctive risk factors and unique US and CT features, in Chinese patients.
Introduction
Liver abscesses can be caused by intraabdominal infection due to bacterial, fungal or parasitic organisms. 1 It was initially believed that Escherichia coli was the single most important pathogen in the aetiology of pyogenic liver abscess (PLA). 1 Klebsiella pneumoniae is an enteric Gram-negative nosocomial and/or community-acquired human pathogen, commonly associated with pneumonia or urinary tract infections. 2 In the last two decades, it has also emerged as the major pathogen causing PLA. K. pneumoniae-mediated PLA was first detected in Taiwan [3] [4] [5] and has now assumed the status of an emerging global disease, with anecdotal accounts and case series reported worldwide. 6 A hypermucoviscous phenotype is associated with serotypes K1 and K2 K. pneumoniae strains, and this is largely responsible for causing invasive liver abscesses. 2, 7 Several virulence factors have been described for K. pneumoniae including presence of: the capsular serotype; mucoviscosity-associated gene A (magA); regulator of mucoid phenotype gene A (rmpA); aerobactin. [8] [9] [10] Approximately 50% of reported patients with PLA have diabetes mellitus (type 1 or type 2: the type is not relevant to the development of PLA), while the remainder of patients do not appear to exhibit any other underlying disease. 11 Worldwide, 43 (5.28%) of the 813 invasive PLA cases reported in the past decade have died. 2 The high mortality rate can be attributed to the high antibiotic resistance profile of K. pneumoniae, which is further compounded by its unique capacity to cause invasive and metastatic complications. [12] [13] [14] It is imperative to understand the differences observed between patients with K. pneumoniae-or non-K. pneumoniae-associated PLA. Such an understanding may help to guide the development of comprehensive recommendations regarding the early diagnosis and treatment of K. pneumoniae-associated PLA. The present study, therefore, investigated the distinctive clinical and radiological features found among patients with K. pneumoniae-or non-K. pneumoniae-associated PLA.
Patients and methods

Patient population
Consecutive patients with bacterial liver abscesses, admitted to Beijing Shijitan Hospital, Capital Medical University, Chinese PLA General Hospital, and Peking University First Hospital (all in Beijing, China) between January 2008 and December 2011 were recruited into this study. Patients were included if they had: (i) clinical symptoms of liver abscess including fever, chills and liver pain; (ii) one or more area(s) of echolucency in the liver on ultrasonography (US); (iii) undergone computed tomography (CT)-guided or US-guided percutaneous liver abscess pus puncture therapy; (iv) a culture of liver aspirates positive for bacteria (single pathogenic strain).
The study was approved by the Institutional Review Board at the Chinese PLA General Hospital and patients provided written informed consent.
Outcome measures
Basic clinical data including patient information, evidence of underlying disease, clinical manifestations, laboratory tests, and US and CT imaging characteristics were obtained from all enrolled patients by a blinded independent researcher (X-Y.X).
Culture and aetiology identification
Clinical isolates from liver aspirates (obtained from enrolled patients with a confirmed diagnosis of PLA) were identified in the clinical microbiology laboratories of each participating hospital, using the API Õ 20E test kit system (bioMe´rieux, Marcy I'Etoile, France). 15 All cultures were collected using a culture collection and transport system (BBL TM CultureSwab TM , Becton Dickinson and Co., Franklin Lakes, NJ, USA). Isolates were stored in brain-heart infusion broth at À80 C for a mean of 2 years until use. Liver isolates were collected from the same patient only once during each episode of infection (nonduplicate isolates) and were serotyped using a countercurrent immunoelectrophoresis method, as previously described. 16 
String test
The hypermucoviscosity phenotype of K. pneumoniae can be identified by a positive string test. 7 Briefly, MacConkey agar plates (Thermo Fisher Scientific, Rockford, IL, USA) were inoculated with the cultures and incubated at 35 C without CO 2 . The plates were examined the day after inoculation for the presence of hypermucoviscous, lactose-fermenting Gram-negative rods, using an automated bacterial identification system (VITEK Õ 2, bioMe´rieux, Hazelwood, MI, USA). Identified isolates were subcultured on a 5% sheep blood agar plate, to ensure purity. Any isolate yielding a ! 90% probability of K. pneumoniae was further analysed using the string test: a bacterial loop was touched to a suspect colony on the agar plate and withdrawn slowly; bacteria forming a mucoid 'string' of ! 5 mm were considered to be positive.
Molecular analyses
DNA from isolates determined to be hypermucoviscous K. pneumoniae was extracted by a standard boiling lysis method and was frozen at À80 C for subsequent molecular analyses. The primers used for amplification of target genes, serotype analysis and virulence genetic testing are presented in Table 1 . PCR was undertaken in a final reaction volume of 25 ml, which contained 1 ml cDNA, 250 mM dNTPs, 0.1 mM of each primer, Taq polymerase buffer, and 2.5 U of LA Taq DNA polymerase (Takara,Shiga, Japan). The PCR reaction mixtures were kept at 95 C for 5 min, followed by 40 cycles of 95 C for 1 min, 50 C for 1 min, 72 C for Table 1 . Sequences of primers used for amplification of target genes, serotype analysis and virulence genetic testing of hypermucoviscous isolates of Klebsiella pneumoniae, obtained from patients with pyogenic liver abscesses.
Target genes
Forward primer, 5 0 -3 0 Reverse primer, 5 0 -3 0
2 min, then 72 C for 7 min using a xxxx thermal cycler (GeneAmp Õ PCR System 9700 (Applied Biosystems, Foster City, CA). Amplified products were run on a 1.2% agarose gel and visualized by ethidium bromide staining; glyceraldehyde 3-phosphate dehydrogenase was used as the internal control gene. The hypermucoviscosity serotypes of the clinical isolates were confirmed by two independent blind readings of the results (Y.Y. and K-F.W).
Statistical analyses
All statistical analyses were performed using SPSS Õ statistical software, version 16 Of the 101 K. pneumoniae cases, K1 and K2 serotypes were found in 43 (42.57%) and 37 (36.63%) cases, respectively; the remaining 21 (20.79%) cases were due to non-K1/ K2 serotypes. A hypermucoviscosity phenotype was determined in 90 (89.11%) cases (Table 2 ), a finding that was confirmed by two independent blind readings of the 101 clinical isolates, yielding a consistency of 99%. A high proportion of the K. pneumoniae-positive isolates expressed rmpA and aerobactin, but not magA ( Table 2 ).
There were significantly more male patients with K. pneumoniae-associated PLA compared with the non-K. pneumoniae cohort (P < 0.001; Table 3 ). Fatigue and abdominal pain were significantly more common in patients with non-K. pneumoniae-associated PLA compared with patients with K. pneumoniae-associated PLA (P < 0.001; Table 3 ). There were no significant differences in any of the physical examination findings between the two study groups (Table 3) .
Fasting blood glucose levels were significantly higher among the K. pneumoniae cohort compared with the non-K. pneumoniae cohort (P < 0.001; Table 3 ) and diabetes mellitus (type 1 or 2) was significantly more common in K. pneumoniae cases compared with non-K. pneumoniae cases (P < 0.001; Table 4 ). The incidence of comorbid diabetes plus hepatobiliary disease was not significantly different between the two study cohorts. Prior history of abdominal surgery or chemoradiation therapy was significantly more common in patients with non-K. pneumoniae-associated PLA compared with K. pneumoniae-associated cases (P < 0.001 and P < 0.05, respectively; Table 4 ). There was no statistically significant difference in the rates of comorbid biliary tract disease, cirrhosis or fatty liver complications between the two groups ( Table 4 ).
All enrolled patients had a history of B-mode US inspection. US examination revealed single abscesses in 84/101 (83.17%) and 26/30 (86.67%) cases of K. pneumoniae-associated and non-K. pneumoniae-associated PLA, respectively ( Table 5 ). Single abscesses were found to be more prominently localized to the adipose tissue in the right lobe of the liver, in both study groups. Consistent with the observed association between diabetes and K. pneumoniae-associated PLA, US imaging indicated significantly more gas-forming abscesses among K. pneumoniae cases compared with non-K. pneumoniae cases (P < 0.001; Table 5 ). Computed tomography examination was performed in 98/131 patients (80 K. pneumoniae cases and 18 non-K. pneumoniae cases). Pre-contrast CT images demonstrated that there was a greater chance of a clear edge in the non-K. pneumoniae group compared with the K. pneumoniae group (P < 0.001; Table 5 ). Presence of gas in the abscess was significantly higher in the K. pneumoniae group (P < 0.05; Table 5 ). Rates of pneumatosis in the biliary system or pleural effusion were not significantly different between the two study groups.
Discussion
Klebsiella pneumoniae-mediated community-acquired PLA is an emerging infectious disease worldwide. [3] [4] [5] [6] Results from the present study corroborate this observation, demonstrating that the main bacterial liver abscess pathogen was K. pneumoniae in 77.10% of the 131 cases examined. Furthermore, it was shown that $80% of the K. pneumoniae serotypes were K1 and K2, and that 89.11% of the strains exhibited the hypermucoviscosity phenotype, which is consistent with other published studies. 2 Molecular analyses undertaken in the present study indicated that expression of rmpA and aerobactin was high in K. pneumoniae-positive isolates, whereas magA expression was low. These data suggest that rmpA and aerobactin expression may be closely related to K. pneumoniaemediated invasion of the liver and the subsequent development of liver abscesses. Siderophores, including enterochelin and aerobactin, are intracellular iron chelators that allow bacteria to compete for iron sources in the host. [8] [9] [10] In combination with rmpA, aerobactin plays an important part in the virulence and hypermucoviscosity phenotype of K. pneumoniae isolates other than those of serotype K1 and K2. 2 In fact, it has been shown that the nonserotype K1 and K2 isolates (21 cases in the present investigation) that express aerobactin genes display comparative virulence to serotype K1 and K2 isolates from patients with liver abscesses. 17 As such, the increased virulence and invasiveness of the K. pneumoniae isolates in the present study may be explained by the high levels of rmpA and aerobactin expression that were found in the majority of these isolates. magA has been described as the causative gene for K. pneumoniae liver abscess and septic metastatic complications. [18] [19] [20] [21] K1 serotypes were detected more often than K2 serotypes in the present study, however, which may be indicative of the involvement of other genes in the regulation of K1. rmpA, which aids capsule synthesis, has also been proposed as a virulence factor, in addition to magA and capsular serotypes K1/K2. 17, 22, 23 A high blood-glucose level is conducive to bacterial growth and inhibition of phagocyte chemotaxis, phagocytosis and bactericidal function. 24, 25 In addition, the negative impact of diabetes mellitus on haemodynamics hinders immune-cell mobilization. Half of reported patients with PLA also have diabetes mellitus. 9, 11, 12 Data from the present study are consistent with these findings: patients with K. pneumoniae-associated PLA had higher fasting blood-glucose levels and this was corroborated by the finding that diabetes was significantly more common in these patients compared with non-K. pneumoniae cases. These results suggest that diabetes mellitus may be one of the most important risk factors for K. pneumoniae-associated PLA.
Interestingly, the present study also established that prior history of abdominal surgery and chemoradiation therapy are the most important risk factors for non-K. pneumoniae-associated PLA. These data suggest that non-K. pneumoniae-associated 
